1CCH CHS 


PUBLISHED MONTHLY BY THE 
ELVIN 
welt 


Fundamentals of Speech Clipping 
By Clayton F.Bane, W6WB 


Limiting or ‘clipping‘ of an audio signal 
so that its amplitude cannot exceed some pre- 
set level is a well known practice but perhaps 
not so well known are the changes that take 
place in the waveform of the signal after such 
limiting. With this in mind, a brief discussion 
of waveforms may be helpful. 


All complex tones, (voice, music etc.) con- 
sist of a fundamental plus other frequencies 
which may be odd or even multiples of this fun- 
damental. These additional frequencies are har- 
monics and it is their order, (dominantly odd 


or even) and amplitude in relation to the fun- 


damental that gives a particular sound its 
‘timbre’. This latter is the characteristic 
that makes it possible to readily identify two 
different musical instruments although both may 
be simultaneously playing the same fundamental 
tone. It is desirable to consider such complex 
tones on a visual rather than an aural basis; 
it being easier to identify and correct for dis 
tortion when the signal is viewed on an oscill- 
oscope. Refer now to Figure 1. 


FIGURE 1. 


A--Pure sine wave--no harmonics. 
B--Resultant obtained by adding 20% second harmonic to (A) 
C--Resultant obtained by adding second and third harmonics to (A) 


In Fig.1,(C) we show a typical complex wave 
made up by plotting second and third harmonics, 
(20% each) on an original sine wave. Assuming a 
frequency of 1000 cycles for the sine wave fun- 
damental, the harmonics added would correspond 
to frequencies of 2000 and 3000 cycles respec- 
tively. To demonstrate the importance of fre- 
quency response in an amplifier, say that the 
complex wave in (C) is applied to an amplifier 
that will not pass any frequency beyond 2000 
cycles. The 3000 cycle third harmonic will 
therefore not be present in the output and the 
resultant will be as shown in (B). Carry this a 
step further and also remove the second har- 
monic, (2000 cycles) and presto----we have a 
pure sine wave---surely a most radical change 
from the original wave in (C)! In this example 
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we have removed the two harmonics but the same 
reasoning could be applied if we were to start 
with the sine wave, (A). If this wave were to 
be passed through a very poor amplifier, har- 
monics could be added and the resultant could 
again be somthing like (C). In either case, 
the shape of the original wave has been radi- 
cally altered---it doesnt look the same---it 
wont sound the same. Let it be said however 
that a complex wave may also contain higher 
order harmonics, (4th, 8th, 5th, 7th etc. 
and it will be possible to eliminate some of 
these without too seriously effecting the wave 
shape of the sound. A good example of this is 
conventional wire telephone circuits where the 
frequency response is limited to about 3000 
cycles yet particular voices can be recognized 
without difficulty. Unfortunately, this doesnt 
work in the reverse direction. When new fre- 
quencies, (not present in the original signal) 
are added,----trouble! 


If a sine wave signal is passed through a 
clipper adjusted so that it will cut off below 
the peak value of the signal, the top of the 
wave will be squared off--somthing new will 
have been added! For proof of this, the simple 
plotting procedure previously applied is again 
put to use. Here we take the original, unclip- 
ped sine wave and plot odd harmonics, (third 
and fifth) on it with the resultant shown in 
Fig.2, (C). By comparing this resultant with 
the clipped sine wave it will be obvious that 
we are headed right in our attempt to determine 
the dominant new frequencies added by the clip- 
ping action. If additional higher order odd 
harmonic frequencies were to be added, the ul- 
timate shape would closely approximate a square 
wave. (odd harmonics approach a square wave-- 
even harmonics a triangular wave.) It can thus 
be seen that by severely clipping the sine wave 
we have added very substantial odd harmonics 
to the original signal and this is going to re- 
sult in highly objectionabte distortion unless 
somthing is done about it. 


FIGURE 2. 


A--Sine wave. (shaded area denotes clipped resultant wave) 
B--Resultant obtained by adding 20% third harmonic to sine wave. 
C--Resultant obtained by adding third and fifth harmonics to (A) 
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The most obvious thing would be to limit 
the frequency response of the amplifier, past 


the clipper and thus attenuate the undesired. 


odd harmonics. More practically, a low-pass 
filter would be used that would attenuate all 
frequencies beyond the cutoff point of the fil- 
ter. The effectiveness of such a filter may be 
readily verified by again referring to Fig.2. 
Assuming an input frequency of 1000 cycles and 
a filter cutoff of 3000 cycles, the fifth har- 
monic, (5000 cycles) will fall outside the fil- 
ter pass-band and the resultant will be as in 
Fig.2, (B). If the filter cutoff point is low- 
ered to 2500 cycles, both the third and fifth 
will drop out thus giving a resultant which is 
the same as the original sine wave before any 
clipping took place, the only difference being 
in reduced amplitude. This looks fine but the 
solution is not quite that, simple. 


The cutoff point of the filter will set 
the upper limit of frequency response regard- 
less of whether the clipper is used or not, 
therefore it must be kept high enough to pro- 
vide acceptable response for good DX voice com- 
munication. 3000 cycles is normally considered 
to be adequate so that further discussion will 
be predicated upon this cutoff value. With 3000 
cycle cutoff, none of the fundamental speech 
frequencies beyond 1000 cycles and up to 3000 
will have odd harmonics that fall within the 
pass band of the filter and heavy clipping can 
exist in this range without appreciable distor- 
tion. This does not apply to the very low audio 
frequency spectrum. It can be readily seen that 
a low frequency, say 200 cycles, will have a 
great many of its odd harmonics, (to the 15th) 
fall within the filter pass range. Here then 
the filter is useless but the cause 


When the high frequency response of the 
system is restricted, it will be desirable to 
restore aural balance by likewise attenuat ing 
the lower audio frequencies. If this is done 
ahead of the clipper, it will serve to reduce 
the range of lower frequencies whose odd har- 
monics, (produced by clipping) will fall within 
the pass band of the filter. Electro-Voice does 
exactly this in their No.1000 Clipper; cascaded 
R/C circuits ahead of the double-diode clipper 
providing a substantial drop off below 400 cps. 


Even with all these precautions observed-- 
with the best possible positive-negative sym- 
metrical clipping--with a good filter--with 
low-frequency drop off, the hand on the input 
gain control still remains the basic control- 
ling factor! Speech clipping is used for one 
purpose--to increase the average modulation 
level without overmodulation on high transient 
voice peaks. Since the recovered signal at the 
receiving end is proportionate to the percen- 
tage of modulation at the transmitter, raising 
this percentage will result in louder signals. 
Bear in mind though that a louder signal is not 
necessarily more intelligible. Speech achieves 
its characteristics not only by change in fre- 
quency but also by changes in amplitude--this 


is not lost. 


might be called amplitude perspective. As the 
input to a clipper is increased more and more, 
a point is ultimately reached where everything 
is clipped---vowels, consonants,--low and high 
speech frequencies. Here then the average modu- 
lation level can certainly approach 100%--the 
received audio signal will be a maximum but--- 
it will be almost impossible to understand! The 
high frequencies within the pass band of the 
filter will simply be clipped more heavily and 
the deliberately sloped-off lows will ult imate- 
ly be raised up to the same level. Of import- 
ance also is the fact that no low pass filter 


provides infinite attenuation--the frequencies 
outside its pass band are still there, simply 
reduced in amplitude. Actually then, filter ef- 


fectiveness will be decreased with input gain 
too far advanced. So to the Summary: 


(1)-Harmonic distortion due to clipping is dom- 
inantly of the odd harmonic type therefore rel- 
atively simple filters beyond the clipper can 
be effective; the first harmonic frequency of 
concern being three octaves removed from the 
fundamental. (the effectiveness of a filter is 
evaluated in terms of db-per-octave attenuation 
generally about 16 db.) The job the filter has 
to do can be lessened by providing additional 
high-freauency slopeoff in the amplifier fol- 
lowing the clipper. Note that the particular 
receiver in use at the receiving end cannot be 
ignored--the more selective the receiver and 
the smaller its [I.F. bandwidth, the greater 
its discrimination against high-frequency har- 
monic distortion. Conceivably then a clipped 
and filtered signal might sound better on one 
receiver than it would on another. 


(2)-A positive-negative peak clipper of the ad- 
justable type can be highly effective when used 
on the audio output of a CW receiver. Ignition 
or other high-amplitude, short-duration noise 
can be held to the level of the weakest recei- 
ved signal. Such clipping however introduces a 
particularly annoying type of distortion the 


‘explanation for which has been previously sta- 


ted. A filter between the clipper and the head- 
phones will clear up this distortion but since 
there is no need for wide frequency response, a 
peaked filter will do a good job. Select-o-ject 
is excellent---FL-8 not bad. Peaked filters are 
particularly effective here because they also 
attenuate the low frequencies which, as we have 
emphasized, are the real trouble makers. ~ 
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The tremendous Hapa of this transmitter 
kit is due in no small part to the excellent 
engineering incorporated into its initial 
design. A clever continuous-tuning final tank 


@ 100 Watts Phone Output circuit in combination with a band-switching 
exciter eliminates all plug-in coils...the 

@ 115 Watts CW Output entire circuit is sure-fire, trouble-free. 
@ Amplitude Modulation Complete in every detail, the 13 x I7 x 3 
® Bond Switching chassis and the panel are punched at the fac- 

tory, no drilling or other metal work requir- 


@ Dual Power Supplies ed. Unassembled but complete to the smallest 
@ Pi-Network Coupling detail including wiring harness containing 
@ VFO Input Provision all ac and dc power leads. Other wiring is 


short and direct, easy to do with complete 
instructions furnished. Also brackets, lugs, 
washers, spacers, wire, grommets, everything! 
; TUBE LINEUP: 6AU6 xt! osc., 6AQ5 buf. /doub. , 
AMATEUR NET PRICE $ 2 09 50 4032 final amp, 6AU6 volt. amp. Oe AUG dr'vr. 


less tubes, crystals, 807 PP mod., 2-5R4 HV rect's, 5Z4 LV rect!. 
key or microphone. 6AL5 bias rectifier. 


@ Self Contained 


~The PERFECT MOBILE RIG 


Covering eight bands, --80-40-20-15-||-10-6-2 meters--- 
the BANDMASTER "SENIOR" and "DE LUXE" models provide 
you with an ideal transmitter for either portable or 
fixed station operation. 


40 TO 50 WATTS INPUT....PHONE OR CW... 
BANDSWITCHING,..NO PLUG-IN COILS... 


BANDMASTER "SENIOR" 


A CW-Phone unit for use with carbon microphone...... $111.50 

BANDMASTER "DE LUXE" 

A CW-Phone unit for use with crystal microphone..... $137.50 
Harvey-WELLS ELECTRONICS POWER APS-50 DPS-50 (6 or [2 V) 
"BANOMASTER SENIOR" SUPP ULES mmo moe Carat! ins 228 tn BO 


39.50 W2iVicweve sero 4 2e5:0 


Bsc My sie 
Phone Patch 


WITH NO PHYSICAL CONNECTION TO 
TELEPHONE INSTRUMENT 


Just lay the telephone handset in 
the Tel-o-patch cradle and you are 
in business!! No switching--workgs 
by magnetic induction. 


Simple to use--easy to 
connect to your rig-- 
works into your regu- 
lar hi-impedance speech 
input. Complete instru- 
ctions are furnished. 
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Get your Tel-o-patch 
exclusively at ESCO 
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MODEL 1000 


Here is a highly effective speech clipper 
unit for use in the low-level speech sta- 
ges of your transmitter. Unique new double- 
diode circuit assures symmetrical clipping 
on both positive and negative peaks. Low 
frequencies are sloped-off..a low-pass fil- 
ter is used to reduce harmonic distortion.. 
control provided to permit accurate ad just- 
ment of clipping level. 


SURE-FIRE PERFORMANCE...LOW 
CURRENT DRAIN...COMPACT.... 
SMALL ENOUGH TO BE INSTALLED 
IN YOUR PRESENT SPEECH AMP. 
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